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Abstract
Background: Acrylamide (AA) is a compound used in the industrial production of
polyacrylamide. AAs affects by creating oxidative stress. It produces reactive oxygen
species and leads to lipid peroxide. Lipid peroxidation in the cell membrane is one
of the most important oxidations in the sperm, which can disrupt the fluidity and
permeability of cell membranes and damage all cells.
Objective: To investigate the different concentrations of AA on human sperm
parameters based on the World Health Organization standard and its impact on
mitochondrial membrane potential and sperm glutathione levels.
Materials and Methods: In this laboratory study, we examined the different
concentrations of AA on human sperm parameters based on the World Health
Organization standard and its impact on mitochondrial membrane potential by flow
cytometry and sperm glutathione levels by ELISA assay.
Results: The results were reported as the mean fluorescence intensity of JC and the
index was observed to decrease following the effect of AA in mitochondrial membrane
potential (Δ Ψm). The results of ELISA test to study the level of intracellular glutathione
showed that with the increase in the concentration of AA exposed to sperms, there
was a significant reduction in the level of intracellular glutathione.
Conclusion: AA destroys the sperm membrane integrity under apoptotic and oxidative
inductions with a negative impact on mitochondrial function and antioxidative enzyme
in sperm such as glutathione.
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1. Introduction
Acrylamide (AA)with the formula C3H5NO is one
of the compounds that are widely used in everyday
life. This chemical is used for the industrial
production of polyacrylamide. Polyacrylamide is
a cleaning chemical used as flocculants in water
and wastewater treatment. It is also used in
the preparation of adhesives, papers, plastics,
and cosmetics (1). Besides, AA are found in
cigarette smoke and foods that are heavily heated,
such as crispy bottom-of-the-pot foods, chips,
and fried foods. Several previous studies have
reported tumorigenesis of the substance in the
thyroid gland, pancreas, kidneys, colon, uterus,
and breast in mice and humans, as well as the
development of disorders in the nervous system
by AA (2). AA affects by creating oxidative stress,
produces reactive oxygen species (ROS) and leads
to lipid peroxide (3). Lipid peroxidation in the
cell membrane is one of the most important
oxidations in the sperm, which can disrupt the
fluidity and permeability of cell membranes and
damage all cells. Hence, lipid peroxidation not
only directly causes the damage to membrane
and its function but also indirectly affects the
DNA and its health (4). One of the reasons for
the poor performance of sperm and, as a result,
infertility in men is oxidative stress. Human sperm is
very vulnerable to these types of agents, because
the sperm membrane is rich in unsaturated
fatty acids that are susceptible to free radicals
attack (5). Moreover, spermatozoa are very unique
cells, because they lose most of their cytoplasm
before releasing the germinal epithelium in the
spermiogenesis stage. As a result, the cells have a
small amount of cytoplasmic antioxidant enzymes
such as glutathione peroxidase, catalase, and
superoxide dismutase. While these enzymes are
abundant in somatic cells, they help defend against
oxidative damage (6).
Part of ROS is produced by the sperm itself
and in low concentrations is essential for sperm
activity, its capacitation, acrosome reaction, sperm-
egg fusion, and other molecular events involved in
the process of fertilization (7). The ROS produced
by the sperm are superoxide anions, the high levels
of which result in low sperm motility and infertility.
In addition, it is also associated with damage
to DNA, proteins, lipids, and carbohydrates. Lipid
peroxidation of unsaturated fatty acids in the head
and middle piece of the sperm, due to oxidative
stress, changes sperm morphology and decreases
motility and finally ineffectiveness of sperm-oocyte
fusion reaction (7).
Mitochondria in human sperm are essential
for the production of ATP in carrying out cellular
processes, including motility and fertilization
ability. ATP production in mitochondria takes
place by oxidative phosphorylation reaction,
compared to cytosolic ATPs (8). The accuracy
of mitochondrial function, especially the high
quality of the mitochondrial membrane potential
(Δ Ψm), increases the antioxidant capacity of the
cells. It is obvious that mitochondria are sites for
superoxide production and, of course, proteins
in Δ Ψm against oxidative stress. For this reason,
their inhibition by oxidative agents increases
the intracellular ROS and damage to the cell
membrane and thereby reduces sperm motility (9).
One of the defense systems against the damage
caused by oxidative stress in human semen
and sperm is the glutathione-s-transferase (GST)
enzyme (10). The GST enzyme comprises a family
of phase II enzymes involved in the detoxification
of xenobiotic compounds (10). GST sperm enzyme
activity results in damage to the membrane, which
is associated with loss of mobility, inhibition of
acrosome reaction, and reducing its ability for
fertilizing egg outside the womb (11).
Although several studies have been conducted
regarding the effect of AA on the reproductive
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system, especially its role on sperm function and
morphology, there is no study on the impacts of
this substance on Δ Ψm and its role in infertility.
The aim of this study was, therefore, to examine
the different concentrations of AA on human sperm
parameters based on the WHO standard and its
impact on Δ Ψm and sperm glutathione levels.
2. Materials and Methods
2.1. Semen collection
In this laboratory study, 30 semen samples from
fertile men who have a currently or formerly
pregnant partner with known TTP (time to
pregnancy) up to and including 12 months
were collected after four days of deprivation
of sexual activity. After transferring samples to the
laboratory, the sperms were centrifuged at 500 g
for 5 min and was added to the 10% Fetal Bovine
Serum culture medium and recentrifuged. The
sperms were divided into four groups as control
and three groups treated with three (0.5, 1, and 2
mM) concentrations of AA (Merck KGaA diluted in
the DMEM/F12 medium). Additionally, 200 μl of a
solution containing sperm were added to 200 μl of
AA solution. The solutions were incubated at 37°C
for 4 hr. Sperm parameters were analyzed based
on The World Health Organization guidelines (12).
2.2. Evaluation of sperm motility and
viability
In the present study, Computer Assisted Sperm
Analysis was used to examine the sperm motility;
5 μl of sperm sample were placed on a special
sperm chamber with a depth of 10 µ. Field images
were transferred to a computer by a camera
and the sample analysis was done. This machine
samples in 1 sec at 50 different times (sampling
frequency 50 HZ) from the sperm site. To assess
the sperm motility, general information of sperm
motility features including straight line velocity,
curvilinear velocity, and amplitude of lateral head
displacement was investigated (13). To identify
motile and immotile live sperm from dead sperm,
vital stain can be used. In this study, trypan blue
stain was used; 10 λ trypan blue diluted was
mixed with 10 λ supernatant of sperm and 2 λ
formalin 10% diluted. The resulting solution was
placed on a Neobar slide (Hemocytometer). Next,
the sperms were studied through light microscopy.
The number of live and dead spermatozoa was
evaluated on five fields. The sperm membrane
is impermeable to staining, so the dead sperms
were stained and the living sperms were stainless.
Because of the high human sperm speed, formalin
was used as a fixative.
2.3. Flow cytometry for the evaluation
of mitochondrial membrane potential
(∆ Ψm)
To evaluate the mitochondrial membrane
potential of the cells by flow cytometry, sperms
were centrifuged at around of 500 g for 3 min to
separate the plasma from the cell pellet. The cell
pellet was immersed in PBS (pH = 7.4), therefore, a
solution with a number of about 1×106 sperms per
ml was achieved. Lipophilic cationic fluorescent
dye JC-1 was used to evaluate the mitochondrial
membrane potential of sperms (14). JC-1 had a
unique feature in labeling the high- and low-
membrane potential (Δ Ψm) of mitochondria. While
JC-1 in high ΔΨmbecamemultimeric accumulation
and emitted orange dye (with a wavelength of 590
nm), in low Δ Ψm, JC-1 became monomer and
emitted green dye (between 525 and 530 nm).
After spermatozoa were exposed to different
concentrations of AA (0.5 mM, 1 mM, and 2 mM) for
4 hr, 5 × 106 sperms were diluted in PBS, so that
a concentration of 1.5-2 ml × 106/ml for staining
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with JC-10.5 µl was achieved (concentration of
JC-1 was 3 mM in DMSO). The samples were
incubated at 37°C in the dark for 60 min. They
were then analyzed with a flow cytometry (BD
FACSCa Libur, made in USA, 2009), equipped
with a 15 mW argon laser. The fluorochrome was
used for fluorescein isothiocyanate and propidium
iodide (PI). Thereafter, 10,000 cases at a velocity
of 200-300 cells/s were recorded for each sample.
Fluorescent green and orange were measured in
FL1 and FL2 channels.
2.4. Extraction of glutathione by
enzyme-linked immunosorbent assay
(ELISA) method
This test was used to evaluate the effect of AA
on glutation extraction. All samples and solutions
were required to be at an ambient temperature. Kit
Basics: Twowells for each sample were considered
(one well as a control and the other as a sample).
In each well, 10 µL of the sample, 250 µL of
solution 1, and 10 µL of solution 2 were added (both
are soluble, specific, and confidential solutions of
Zelbio Company). Then, 10 µL of distilled water
was added. Thereafter, 20 µL of distilled water was
added to each well and mixed; followed by a 20
µL of the chromogenic solution that was put and
mixed in each well. The absorbance of the samples
at 420 nm at 0 and 2 min was measured and read
by ELISA (ELx800, BIOTEX Company, USA).
2.5. Ethical consideration
Semen samples from fertile men were collected
after four days of sexual abstinence from the
Taleghani hospital, Tehran. Written informed
consent was obtained from all subjects The Ethics
Committee of Islamic Azad University approved the
study protocol (code: IR.IAU.TMU.REC.1398.091).
2.6. Statistical analysis
Data were analyzed using the SPSS
computer software (SPSS Inc. V16.00,
2006, USA). Comparison between
groups were made by one-way ANOVA
followed by the Tukey’s Kramer test. A P-
value < 0.05 was considered statically
significant.
3. Results
3.1. Effect of acrylamide on sperm
parameters
The sperm analysis was performed according
to the WHO international standard before and
after treatment with AA. The effect of different
concentrations of AA on total motility (progressive
[PR] + nonprogressive motility [NP]) and PR motility
of sperm showed a significant decrease in the
trend of sperm motility compared to the control
group (Table I). The progressive motility of sperms
has shown a significant decrease with increase
in the concentration of AA. While there was no
significant difference in the total motility of the
sperm between the concentration (0.5 mM) and
the control group, the concentrations of 1 and
2 mµ AA showed a significant decrease in the
total motility of the sperm as compared to the
control group (Figure 1A, 1B). Viability and motility
study of spermatozoa using trypan blue dye in all
three concentrations of AA showed a significant




Figure 2 shows the flow cytometric results
of the effects of various concentrations
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of AA on the mitochondrial membrane
potential Δ Ψm. The horizontal chart shows
the green dye and the vertical chart shows
the orange dye. The aggregation of cells
near orange dye indicates normal Δ Ψm.
With increase in the concentration of AA,
cell aggregation tends toward the green
dye, indicating a decrease in Δ Ψm. Figure
3A shows the progressive decrease of
Δ Ψm with increasing concentration of
AA.
3.3. Extraction of glutathione
Because the GST enzyme is one of the
antioxidant enzymes of the sperm and is
considered as an indicator of sperm health,
the results of ELISA test to study the level of
intracellular glutathione show that with increase
in the concentration of AA exposed to sperms,
a significant reduction in the level of intracellular
glutathione occurs, indicating a decrease in the
intracellular GST activity (Table II, Figure 3B).
Table I. The difference of mitochondrial membrane potential in acrylamide treatment and control groups by Tukey’s Kramer test
Tukey’s multiple comparison test Mean diff. Significant 95% CI of diff.
Control vs. treat 1 2.412 0.0001 0.9816-3.843
Control vs. treat 2 7.866 0.0001 6.435-9.296
Control vs. treat 3 13.49 0.0001 12.06-14.92
Treat 1 vs. treat 2 5.454 0.0001 4.023-6.884
Treat 1 vs. treat 3 11.08 0.0001 9.646-12.51
Treat 2 vs. treat 3 5.622 0.0001 4.192-7.053
Table II. The difference of glutathione extraction parameter between human sperm in acrylamide treatment and control groups
by Tukey’s Kramer test
Tukey’s multiple comparison test Mean diff. P-value
Control vs. treat 1 0.1719 0.002
Control vs. treat 2 0.2407 0.0001
Control vs. treat 3 0.3467 0.0001
Treat 1 vs. treat 2 0.06877 0.283
Treat 1 vs. treat 3 0.1748 0.008
Treat 2 vs. treat 3 0.1060 0.04
Figure 1. Comparison of progressive sperm motility percentage in groups treated with acrylamide compared to the control group
(A). Comparison of total spermmotility percentage in groups treated with acrylamide compared to control group (B). Sperm viability
percentage in groups treated with acrylamide compared to control group (C). Comparison of immotile sperm motility percentage
in groups treated with acrylamide compared to control group (D). ∗p < 0. 05; ∗∗p < 0. 01; ∗∗∗p < 0.001; CI > 95%.
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Figure 2. Comparison of the fluorescence intensity in (a) control group; (b, c, d) groups receiving acrylamide at a doses 0.5, 1, and
2 µM, respectively.
Figure 3. Comparison of the evaluation of sperm mitochondrial membrane potential (Δ Ψm) in groups treated with acrylamide
compared to control group (A). Comparison of glutathione extraction in groups treated with acrylamide compared to control group
(B). ∗p < 0. 05; ∗∗p < 0. 01; ∗∗∗p < 0.001; CI > 95%).
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4. Discussion
Many studies have been conducted on the
impact of AAonmale fertility (15-17). Our information
on the effect of AA on themitochondrial membrane
potential is very limited. In fact, our results
include new information regarding the impact
of AA on reduction of mitochondrial membrane
potential and glutathione levels (18). Concerning
the decrease in viability of AA-treated sperm, our
results are consistent with the data of Kermani-
Alghoraishi and colleague (1). Long-term exposure
to AA can affect the development of spermatozoids
and cause abnormal morphology and reduced
viability (18). Moreover, AA, by affecting Leydig
cells and secreting testosterone, influences their
endocrine function and disrupts spermatogenesis
(19). On the other hand, it has been shown that
the amount of ROS production in viable cells
is low. With regard to the above, it seems that
decreasing the viability of cells by increasing the
concentration of AA is due to an increase in
intracellular superoxide anion (20).
Mitochondrial membrane potential is a valuable
index to determine the health and function of
cells. In a study performed on the relationship
between mitochondrial membrane potential and
sperm quality and fertility, it was shown that the
high mitochondrial membrane potential indicates
normal spermswith highermotility (7). Mitochondria
are the source of intracellular ROS production.
Coupling of electron transfer with oxidative
phosphorylation can maintain the high membrane
potential in mitochondria, which requires the
production of ATP in cells (21). This process in
sperm due to high production of ROS is damaged,
and as a result, mitochondrial membrane potential
is reduced. In the present study, mitochondrial
membrane potential was evaluated through
flow cytometry by JC. The lack of fluorescence
is indicative of defects in the mitochondrial
membrane potential. The results were reported
as the mean fluorescence intensity of JC and it
was observed that the index decreased following
the effect of AA in spermatozoa. According
to studies conducted in this case, it seems
that decreasing the mitochondrial membrane
potential due to increased ROS in the cell may be
responsible for some of the sperm dysfunction and
therefore infertility (22). AA destroys the sperm
membrane integrity under apoptotic and oxidative
inductions with a negative impact on mitochondrial
function. Fat-soluble cations directly entering
the mitochondrial matrix result in the production
of superoxide anions and are primers of ROS
production in mitochondria (23). With increasing
concentrations of AA, the concentration of ROS
increases. With this increase, Δ Ψm decreases
simultaneously and the apoptosis pathway is
activated by increasing the various enzymes of
mitochondrial membrane such as caspase-9 and
caspase-3 (24). Further, increase in ROS and
decrease in Δ Ψm are associated with motility
reduction, because electrophilic aldehyde lipids,
in addition to the disruption of the electron current
in the mitochondrial electron transport chain,
can bind to the proteins that control the motility
of the sperm (e.g., AKAP3, AKAP4, and dynein)
and reduce the motility of the sperm following
mitochondrial pro-oxidative and pro-apoptotic
damage (23).
In addition, the increase in AA increases the
peroxidation of the sperm plasma membrane
lipids that reduces the fluidity of the membrane,
resulting in decreased sperm motility. Some
proteins in the outer membrane of mitochondria,
like BH3, have pre-apoptotic activity and are
inactive in normal state with low concentrations
(25). If oxidative stimuli such as AA activate these
proteins, expression of these proteins in the cell
increases and leads to a series of reactions,
ultimately resulting in the formation of pores
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in the mitochondrial outer membrane and its
permeability. As a result, the electron leakage
and its binding to compounds such as oxygen
causes the production of superoxide anion (26).
In the present study, following the incubation
of sperms with AA, the reduction of Δ Ψm was
observed. Since Δ Ψm is an important index
regarding the optimal quality of sperms, their high
motility and good fertility potential, decrease of Δ
Ψm in relation to the influence of cytochrome C
and the change of electron transport chain leads
to disassembling of the proton gradient in the
mitochondria inner membrane and reducing the
ATP of the cell (27). Another explanation regarding
the effect of AA on Δ Ψm is that AA inhibits the
vital proteins on the mitochondrial inner and outer
membrane. One of these proteins is the adenine
nucleotide transporters on the inner mitochondrial
membrane, which regulates the calcium channel,
and inhibition of Δ Ψm causes the disruption of
electron transport chain compounds and thus
releasing of apoptotic agents from the membrane
space into cytosol (28).
Oxidative and apoptotic damages also result in
the loss of DNA integrity, so that different studies
have reported the fragmentation of DNA in low
concentrations of AA. Nuclear DNA fragmentation
in the cell, directly or indirectly, results from the
formation of pores in the mitochondrial membrane
and the change in the mitochondrial membrane
potential caused by an increase in intracellular ROS
(29).
One of the important antioxidant enzymes in
sperm is GST, and its inhibition results in damage to
the cell membrane. As a result, it is associated with
decreasing motility, inhibiting acrosome reaction,
and reducing its ability to fertilize the oocyte
(30). In this experiment, an increase in AA leads
to depletion of glutathione reserves and a loss
of balance between the oxidant and antioxidant
system and provides conditions for the reduction
of antioxidant reserves and the creation of lipid
peroxidation process. That is why the reduction in
glutathione stimulates the production of high levels
of ROS that it would initiate intracellular signaling
reactions in the mitogen-activated protein kinases
family such as JUK. The kinases play a crucial role
in regulating apoptosis and ultimately reducing cell
numbers (31).
5. Conclusion
Due to the high consumption of compounds
containing AA in everyday life, and increasing
rate of infertility in human societies, results of
this study indicate that different concentrations
of AA has a decreasing and negative effect on
human sperm parameters such as viability and
motility, and that increasing the oxidative stress
and production of ROS reduces the mitochondrial
membrane potential and the levels of glutathione
in the sperms. Thus, the reduction in the quality
and quantity of sperm will result in the fertilization
of oocyte. However, further studies are needed to
prove the deleterious effects of AA on male fertility.
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